Improved survival of testicular cancer (TC) patients leads to rising of interest on the disease consequences for the whole organism (impact on hormonal status, bone metabolism). The aim of the study was to present three years experience with hormonal and osteologic examination in long-term survivors of TC. During the period of 11/2005-1/2009 879 patients who were previously treated for TC (823 with unilateral, 56 with bilateral disease) were examined. Each patient underwent hormonal and osteologic examination, results of which were associated with therapy following orchiectomy and with the time interval since the primary therapy. The median follow-up time in patients with unilateral TC was 96 months since the therapy. Mean age at the time of examination was 32 years. Testosterone deficiency was observed in 171 patients (19.5%), increased LH in 168 patients (19.1%), increased S-CTx in 388 patients (44.1%). Bone damage (osteopenia and/or osteoporosis) was observed in 445 patients (50.6%). The median follow-up time in patients with bilateral TC was 175 months. Mean age at the time of examination was 27 years. Testosterone deficiency was observed in 47 patients (83.9%), increased LH in 45 patients (80.4%), increased S-CTx in 31 patients (55.4%). Bone damage was observed in 41 patients (73.2%). Hormonal examination and testosterone substitution may be recommended as an important aspect of patient´s follow-up in bilateral TC, moreover in unilateral disease. The important part of standard examination algorithm should be also osteological examination to prevent osteopenia or even osteoporosis development.
dyslipidemia, obesity and insulin resistance are components of the metabolic syndrome many times described in patients after systemic chemotherapy, which may increase risk of cardiovascular disease development [5] . Gonadal dysfunction is supposed to be a long-term complication of antitumor therapy. Patients, who were treated for testicular cancer, have higher risk of hypogonadism development than the healthy male population [6] . Hypogonadism may be associated with osteoporosis [2, 7] .
The aim of this study is to assign the claim of hormonal profile examination and complete osteological examination into algorithm of follow-up not only in patients with bilateral disease, but also in patients with unilateral testicular tumor. It is to propose, that prolonged testosterone substitution and osteologic treatment can lead to improvement of the bone metabolism parameters in patients with hormonal deficiency and concomitant decrease of bone density.
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Testicular cancer is quite a rare malignancy, but their medical and social importance has come out from a rapid growth of the incidence in the last decades and decrease or stabilisation of mortality rates in the last years. Improved survival of testicular cancer patients during the last decades with last published ageadjusted 5-year survival -94.2% (95 CI 93.4-04.0) [1] leads to rising interest on the disease consequences for the whole metabolism. Testicular cancer belong to ethiologic factors leading to male hypogonadism [2, 3] . Decreased testosterone level may lead to the symptoms of androgen deficiency with subsequent negative impact on to the patients quality of life.
Not only the tumor alone, but also its treatment (mainly radiotherapy or chemotherapy) may have impact on patients´ hormonal status and bone metabolism [4] . Hypertension,
Patients and methods.
This is a single-center retro-prospective study, where osteological examination was performed in 879 male patients who were previously treated for testicular cancer, examined during the period of 11/2005-1/2009. Out the whole group of 823 patients were with unilateral (group A) and 56 patients with bilateral (group B) disease. Patients with bilateral TC received no androgen replacement therapy or inadequate/insufficient replacement therapy before beginning of this study.
BMD measurements were made by dual-energy x-ray absorptiometry (DEXA) using a Hologic Explorer imaging bone densitometer (QDR Explorer, Hologic, Inc., Bedford, MA, USA) at the lumbal spine (L1-L4), hips and forearms. The results of DEXA scans were discussed with patients and advice was given about lifestyle issue and, where appropriate, bone-specific treatments.
DEXA measures BMD in grams per centimeter squared (g/cm 3 ) and is considered the gold standard. The DXA g/cm 3 result is compared to "young adult" normals of the same sex (T-score). The difference between the patients´s score and the norm is expressed in standard deviation (SD) above or below the mean. The WHO defines a normal BMD as a T-score equal to, or greater than, -1, osteopenia or low bone mass as a Tscore less than -1 SD but greater than -2.5, and osteoporosis as a T-score less than or equal to -2.5 [8] .
Blood samples for biochemical and hormone measurements were taken from each patients at the time of the DEXA scan as part of the study. Each patient was examined for luteinising hormone (LH) (normal value 1.8-8.2 mU/ml) and serum testosterone (normal value 12.0-28.0 nmol/l) using chemiluminescent microparticle immunoassay by Architect-2000 SR (fy Abbot Lab., Diagnostic Division, Abbot Park, IL, USA), marker of bone resorption -S-CTx (serum C-terminal cross-linking telopeptides of type I collagen) (normal value 0.130-0.480 ng/ml) by enzyme immunoassay with serum Crosslaps ELISA (fy IDS Immunodiagnostic system, Boldon, UK) and serum calcium (normal value 2.20-2.80 mmol/l) by indirect potenciometry with Synchron LX system (fy Beckman Coulter, Fullerton, CA, USA).
Results of the osteologic examination and hormonal profile examination were associated with therapy following orchiectomy (orchiectomy alone, chemotherapy, radiotherapy, chemotherapy and radiotherapy) and with the time interval since the primary therapy.
All key analyses were carried out separately for unilateral and bilateral tumors. Log-normally distributed follow-up time was summarized using rank statistics, median and 5 th -95 th percentile range. Other quantitative variables were summarized using mean estimate supplied with standard error (SE). Standard univariate statistical techniques were used to test the differences between groups of patients (ML chi-square test, one-way ANOVA). Unconditional logistic regression was used to relate potential risk factors to osteopenia and/or osteoporosis. All odds ratio estimates were adjusted for patient's age at the time of osteologic examination and supported with estimate of 95% confidence interval (95% CI).
Results
During the period of 11/2005-1/2009, we examined 879 patients with testicular cancer after a median follow-up of 96 months (5-95 % percentile 18-255, range 3-462).
Group A: 823 patients with unilateral testicular cancer were followed-up for a median period of 89 months (5 th -95 th percentile range 18-248, range 3-353) since the primary therapy -orchiectomy (OE). Time to examination was 6.1 (0.3-20.0) years since primary diagnosis. Mean age at the time of examination was 32 years, SD 9.0 (range 14-68). (Table 1) . Testosterone deficiency (<12.0 nmol/l) was observed in 124 patients (15.1%). Normal LH levels by mean were 5.1 mU/ml (SD 3.0). Increased LH (>8.2 mU/ml) was observed in 123 patients (15.0%). Increased S-CTx (>0.480 ng/ml) was observed in 357 patients (43.4%). Primary distribution of LH and TST levels is documented in Figure 1 . DEXA shows osteopenia and/or osteoporosis in 404 patients (49.1%). Serum calcium levels were in all cases in normal value.
Group B: 56 patients with bilateral testicular cancer were followed-up for a median period of 175 months (5 th -95 th percentile range 37-347, range 13-462) since the beginning of the therapy ( Figure 1 . DEXA shows osteopenia and/or osteoporosis in 41 patients (73.2%). Serum calcium levels were in all cases in normal value. Bilateral cancer is associated with significantly increased incidence of both osteopenia and osteoporosis.
Influence of age at examination and time to examination: Age at the time of examination was significantly higher in patients with osteoporosis (on average by 7 years) both in unilateral (p<0.001) and bilateral (p = 0.039) tumors. The risk of osteopenia and/or osteoporosis increased with continuously increasing time since primary therapy in unilateral tumors (OR = 1.02, 95% CI: 1.01-1.04, p<0.05). Furthermore, significant risk cut-off time points were found both for unilateral tumors (> 8 years, OR = 1.10, 95% CI: 1.03-1.54, p < 0.05) and bilateral tumors (> 10 years, OR = 1.96, 95%CI: 1.02-7.92, p < 0.05). In bilateral tumors, time > 10 years since 2 nd testicular cancer diagnosis was proved as additional component contributing significantly to the risk of osteoporosis (OR =3.38, 95% CI: 1.07-1.77). Age at time of examination is closely associated with osteoporosis as it is documented in Table 1 both for unilateral and bilateral cancer. Therefore, all ORs estimated for potential risk factors (Table 2 ) are calculated as age-adjusted in order to minimize the risk of bias.
Influence of primary therapy: In unilateral disease, applied chemotherapy (CHT) and/or radiotherapy (RT) increased significantly LH level, and applied CHT+RT significantly decreased TST and CTX level; no such influence was found in bilateral disease (Figure 2 ). Increased LH and decreased TST levels (as compared with overall average values) were observed namely in case of seminoma treated by RT. In unilateral disease, applied RT increased significantly ageadjusted risk of osteopenia and/or osteoporosis (OR=1.23, 95% CI: 1.02-1.89, p<0.05). Application of radiotherapy specifically increased age-adjusted risk of lumbar spine BMD impairment (OR = 1.26; 95% CI: 1.01-2.03, p<0.05). Radiotherapy was also significantly associated with increased TST and decreased LH levels at the time of examination in unilateral disease. In bilateral tumors, no significant association between therapy and risk of osteoporosis was found. It can be explained by very significant risk potential of cancer bilaterality itself. Bilaterality reached highly significant odds ratio for osteoporosis (OR = 3.34, 95% CI: 1.44-7.31, p<0.001) as well as for osteoporosis + osteopenia (OR = 2.57; 95% CI: 1.42-5.02, p<0.001).
Discussion.
Cancer therapies, including hormone therapy, chemotherapy, radiation therapy, and surgical castration, can directly or indirectly damage bone, resulting in loss of bone mass (i.e. osteopenia and osteoporosis) [9] . In our patients applied therapy increased significantly age-adjusted risk of osteopenia and/or osteoporosis as aggregated endpoint. It can dramatically reduce bone density and increase the rate of bone alteration and the risk of fragility fractures [10] . There are several etiologies of bone metabolism disorders, including low serum sex hormone levels. Male hypogonadism is an important and treatable cause of osteopenia and/or osteoporosis [11] . Patients with testicular cancer receiving therapies known to cause hypogonadism are also at risk for developing cancertreatment-induced bone loss [9] . Testicular germ-cell cancer patients are at risk of developing Leydig cell insufficiency. Different treatment modalities, such as orchiectomy, chemotherapy and radiotherapy may also affect the Leydig cell function [12] . A Leydig cell impairment with subnormal/normal serum testosterone values, and/or increased luteinizing hormone (LH) was found in patients who underwent chemotherapy [13] . In our patients LH abnormality increased significantly both due to chemotherapy and radiotherapy (from 5% in patients treated only with orchiectomy to nearly 20% under CHT/RT therapy). However, in other studies, no difference in testosterone or LH after chemotherapy was found [14] . These discrepancies might be due to differences in the chemotherapy regimen used, doses and also the lenght of follow-up [12] . Analysis of Murugaesu et al showed no evidence in association between cases of osteopenia and lenght of follow-up [15] .
Effect of different therapeutic approaches in testicular cancer on testicular function is well described in the literature [16] . Damage of gonadal function and subnormal levels of TST were described not only in patients, following chemotherapy or radiotherapy, but also in subjects who are long-term survivors following orchiectomy alone. No significant differences were found in hormonal levels of TST and LH between the chemotherapy and surveillance (orchiectomy alone) groups [15] . Lackner et al [16] detected hypogonadism and androgen deficiency symptoms in 26.5% of patients after testicular cancer treatment, irrespective of the treatment strategy. In our patients bilateral tumors are associated with highly decreased levels of TST and increased levels of LH, but there is only limited space for occurrence of abnormal value among unilateral tumors. Several authors describe that bone density in hypogonadal men of all ages improves under TST replacement [17, 18] .
In conclusion, based on the analysis of the laboratory tests of patients with testicular tumors, it has been shown that the decreased testosterone level may appear also in patients after unilateral orchiectomy. Further evidence has been accumulated and indicates that the majority of patients with bilateral testicular cancer treated by hormonal substitution therapy, are in fact cured inadequately. This is why the proposed hormonal profile examination should be performed before hormonal treatment initiation as an indispensable part of the examination algorithm, indicated not only in cases with bilateral tumor occurrence, but also in patients with unilateral testicular tumor. Examination of hormonal status along with the comprehensive osteologic examination should be implemented into the standard examination of followed-up patients, since the testosterone replacement therapy may block the early development of osteopenia and osteoporosis in testicular tumor long-term survivors. 
